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AB3TO*CT 

He raperiorit^ of visual acuity obtains! with * gratia® t©*t 

object, oriented v*>rtiea31y or fteriaoatally .?*er raluee obtained with 

oiai^^ ©rie»t*tioss Is desenstratsd for T35lei5» ^wi>iB«tioB« ox 

pxs&X -#i«!<»*»r sad retioal illtasdnaaee level*    JldJ e^e?loritsr, 

vftich has as average ralue of 7% of the s«eao tSsreaheld angle of P©» 

B©l«ti«&n for all neridiane, iscreaaee vlth pypil uiasael^r bet is not 

affected ayrtessatieallf fey lllwsiaaaee le^el* 

the data u: diecaeeed N£&) reference tie the aaewptione that 

swridloeal dilft   -v.see in acuity ar« a remit of clioptrie or of 

rett*?*! fact©?*,    2H« s^eteaallc effeet of pupil diameier point© to 

t?*e dioptric origin of eeat© of the o'?>eerfwS wridional d&ff Greece*. 

Tb« iaflssease of retlftal or p#»t<*reti$al faetom ae w-31 Is revested 

fay the perils teaee of the- effect at a high lHuainanee level aad with 

large puoil diameters, a coMitioa uNum a slight decrease is retinal 

iss&ge eestraat is afcssu m% W lewer eemV* 

Differeaeee in vitraal aottity as a faaetlos ©£ the angle of ©fies- 

ta ti*»n of the teat obj&e'c have ^revioualy been reported for gratia^ 

a#u£*y,1-5 Laodclt C,0 and veraiar acuitgr*'   the pr**e»t paper preeeate 



2. 

additional ^viJwXjce of the.** meridional differences in ord-..*  tot 

(a) detemiine the effect of the v&riablee of pupil illipetw and luai- 

iiance l*v#l on the aagnitudc of the *ff-set with a ^ratln.?;» and (b) 

infoStinate  Uhe origin of the phenoasnon* 

t'E BFRXT OF PUPIL ^IAXETKn AND Ll^KA.;cr LEVEL 
a 

In a previous experipient,    the effect of artificial puipil ffl'iefiT 

on   grating acuity was deteraiaed at various levels of retinal il- 

iniainanee.    In order to determine luminance values of the acuity test 

field which would sive the satae retinal illundnances for the various 

artificial pupils ernployed,  the acuity test field, as viewsd through 

each artificial pupil, was laatched with a reference field of fixed 

luraiaaace viewed by the other «ye through a 2.0 a* pupil*    Visual 

acuity for a ;;ratin- wae then istenained as a fraction of pupil sise 

at five levels of retinal illuminance and for a fixed observation 

distance*    'fie observed variations in acuity as a function of pupil 

sis'c were assuaed to reflect only tiie combined effects of aberrations 

and diffraction on acuity. 

In the criminal study, i'our orientations of the grating test 

object were tvsployed £ horizontal (H), vertical (V), 1*5° clockwise 

froro vertical (R), and lif>° counterclockwise fro» vertical  (L)J **** 

t'ue average of the values obtained in all I'our positions were pre- 

sented.    These data have now be&n analysed to isolate the effect of 

orientation and are presented in Table I as the threshold angle of 
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resolution in seconds of Arc,    Sach value is the iw&n of 6 determina- 

tions for subject L and of 12 for subject S.' 

Tho result* show nwridional differences up to l?*ii Beheads of arc 

and up to «6«9£ of the average arult; of resolution.    Comparison be- 

tween values f«r the H and V position* reveals no significant trends, 

and this is also true for the B and L positions,    However, if the S 

and ? data are averaged and compared with the average of the E ar& L 

position*,  the superiority of HV ovar RL is sarlced.    this si^prriority 

occurs without exception for all conditions of observation, and has 

an avera.e valuo of approximate!;,- 7% of  bh* average aur-le of resolution. 

The avera/.sd :IV and RL data arc presented sraphieally in Fig. 1 

as lo,„ visual acuity vs. log pupil diameter.    I'm shapes of the curves 

do not differ froa those? Tor tiie combined data for all fcur meridians. 

The effect c orientation Is to shift- these functions to higher acuity 

valufls .tor the 'Kirixontal sad vertical orientations, sad to lower acuity 

values -or t:ie oblique orientations. 

Since these data arc presented on a lo ;arit"aaic plot,  t»-se separa- 

tlcn between v*  MV and the RL curves is a iseasure of the percentage 

H7 - RL superiority.    This so priori tar increases with p«pil disssstsr 

at all luminance levels.    The effect of luminance level, detemined 

by oo^parin;  the HV superiority over RL for a i;iv*n pupil disaster, 

s^ewt no consistent trends• 
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DISCI 'SSIOK 

The results of the prevent study my be used to evaluate two of 

the explanations which have been offered for the plerii—min under 

discussion..    Tiieer explanations attribute meridional differences either 

bo dioptric or to retinal factors.    (A third hypothesis based on in- 

voluntary eye raov«*jontsy has been snown to be untenable  ) 

If dioptric factors are Influential  in producing the observed 

Meridional differences in reaolviir: power, it would be expected that 

any experimental condition which increases the effectiveness of the 

dioptric aberrations would also accentuate these differences.    Sine© 

the effectiveness of the aberrations increases as the pupil is made 

larger,0 the tendency shown hwre for meridional differences to in- 

crease for a   rating under these sane conditions points t- the intpor- 

tance ox  the iaa^e fomin,? properties of the eye in proiuclni,' the 

phenomenon under discussion. 

Tne second . ypothesis is that the density of the retinal eleiatnts 

(either £ii»to?iicaily or functionally) is not uniform.and that the ob- 

served variations in acuity are a result of similar variations in the 
•> 6 

firssriSiiS Oi  the soseic provided for re*?lutdU*n of the retii^X issssii* 

Thai plsusiMlity «*'  PM«h  an arcrumant. nay be ftJtAini/»d with  tho aid of a 

procedure described by Shifter*      He has reasoned bhat under conditions 

of large pupil disaster and hi?h retinal illuminance such that acuity 

is not improved by increasing the value of either factor, resolving 

power say be limited by either (a) the ability of the retina to dis- 



erLednate differences In intensity bttMwn th>e naxin* and minima of the 

retint! laage of a grating9 or (b) the sl&e of the retinal elsswwts, 

(The oarinrua intensity difference between adjacent retinal eloraents 

will occur when adjacent iaaxl»« and adnlaa are centered on adjacent 

receptor*o    If the larage of the grating «cre aade finer than this, 

each rsleraant weald be covered by a fraction of the ioa^e of the light 

arsd dark stripes.)    If the latter factor were limiting a siaall decrcaae 

ix\ the intensity difference between the laaadnta and sinine without 

ohangiag tl~ ..  ...-viaUicity should produce no change in actdtar.* 

Such a condition was realized by substituting a special gating 

in which she width of the opaque bars is only one-fourth the distance 

between the centers of adjacent bars (designated as the lA grating) 

in place of the conventional grating in which the opaque bare are oas- 

half the distance between adjacent bars (designated as 1/2),    k third 

;rati;v with bars one-half the width of those in the l/h grating was 

also >ised and is designated as 1/8.    These &ree   rratines ware used at 

the highest lurainance levels in a single session for subject L and in 

tss s&aaions lor subject S,    The data representing the average of four 

acuity ae t^rcdr.* tisna f«r *»ch pvlnt for subject L and eight for 

«'&j4»c% S are presented in Table II sad na# 2.    (Tor all gratings, the 

tfireshold angle of resolution-* was ewfwted on the basis of one^halx 

the visual an.Jjfe subtended by the centers of adjacent opaque bars*) 

The* data show that a decrease in the width of the bars as pro- 

duced by the l/h grating dees not reduce acuity far ti«a largest pvpU 
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diameters used. This is taken to indicate that  th« fineness of the 

retinal mosaic end not the ability of the retina to diecriisinate the 

difference between adjacent maxima and minima ie limiting *e»J.t,v 

II 
under the*© oonditiona*        This conclusion ia eanporied by the a'T©«- 

mont between 'detolOidcal a*a«er«asn.t8 of cone sise and the acuity 

3-13 

Under conditions where a small reduction in retinal insane eontjrast 

does not affect acuity? it would be expected that slight variation* 

in the image foming properties oi  the eye, such as heve been su-jested 

*JO account for nieridion&l .lifffrericce in acuity, would :>e Irjeffc-ctive. 

Taws, for the largest pupils at Vic highest, luadriar.ee level it. would 

be ejected that acuity would be the same in all meridians If sag 

observed differences as & function o£ orientation were cue to purely 

dioptric f&etors*    ibvever,  the data obtained ?hov that r^ridion*! 

dii'fereucsB persist under thes^ iy>ryHtie;i«»    Hits is ~TiJsnc«>u by  the 

dats of T&ble I and also by the sjore extensive !**;& obtained at c.ne 

highest luminance level and Ji«7f> RS& pqail diameter for ei^ht ostenta- 

tions o£ the ;;rating in Table III,    Thaae data plotted in Pig, 3 

ie'/arjas^raU;  ihe superiority of the i(V ov«r the :>X position* evon under 

conditions where slight variations in retin&l isa^e contrast do not 

lower acuity.    These data surest that meridional diff^rencos originate 

in part from factors of retinal or post-retinal origin.    Additional 

evidence cornea from the experiment of Hamblin and  'inser2 who determined 

the boat grating acuity for 13 equally spaced meridian* under conditions 
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of optirauw. rafraetion.    Their report *i Htm persistence of .*rlciional 

differenese urvdbr these conditiona further dfncnf tretad the inportanoe 

of «on-dio?tric factor* in producing Meridional dlffa-rfersoea in acuity* 

The author withes to thank •::. P, Crocctti, A. <\    t»»nri and 

• <t. C.-ol*   *• Lon,* for their aid in rvcerdixv- data, and to Gag**1*** )i±* 

ir^btednee* to C. •'•,   4nid^:aan and A, JJLt for valwble sssiptenefj in 

the prersaratlo". ox  •*>*-« ii«inii*c-fl3t» 
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*This account wo* prepared under project NR l]i2-it(A, Contract ^6 

oar-271, Task  )rdftr IX, between roluwbia Inimrsity and ttat Qfiloo 

of   Saval   Research.    Isproduetior. In vnole or in part permitted for 

•AT purpose of the United rtates levsrnsnenfc*    Presented at the 

..nmial tieeearcv,   onfarence on Vision, Chic State University, 1?£2« 

t The data ori ;inally reported for subject £ wsre obtained -.isinG 

iuednaoee values of the acuity test field which prextaoed equal retinal 

ULurdnarcje as ileterslaad hy hiss in a prelisixiary binucwlar ?*atchitt!.: 

experisssafc,    **«&%' Uai* were also ebtais&d us in.; tse lustimitee value* 

obtained by st&Ject L, and art included hare sine* the acuity function* 

ware the eas** ..ncka" both conditions. 

4 further increase in lundnence above the hi,?beet values repoiiied in thie 

study produetxi r*o cn*A>"* in acuity as would be predicted frc=: the *evit£- 

iusin&sce function which reaches a li*itin$; value betecien 10 and 100 

^illilar^jerts.    $B&SEBB aeuity see «t-t*lnod under these conditions for 

pupil diaaetsrs between 2.7V and ^S6 K    Sfclaer^ reported msimm 

acuity wi*,h a 2«3S> w: p*5>il, a vai*«e which Its had predicted fros com- 

putations based on Abbe's diffraction V'<*ory fss= ofcjeei* of periodic 

tttmctere viewea ?JQ transnitted IJUxht* 
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« T>t» aaauoptiens rjfclarlyln.:   hl*£r*3 ramcmi*n?» \o not '^»ks into 

ceemn* #w pea •J.ble effect on amrite' o* ey* ntpfeMfetc or poet 
10-12 

retinal fa<r<»ro.  ^ 

il It Kay be argeed that the reduction in retinal isaa^c contract by 

the narrow ber ^ratlA: is iett:  than that pvtdMMd by t}« iMOMKl 

dioptric sfi'ecW,  sj>d t .at the latter factor w%£ rfcill effectiv*. 

owavor, IJI uein^ the 1/h ••rattr*-, acuity remined sonatant for all 

orientations indicating that deapite the cest'in&i deteriorative ef- 

fects of the narrev cretins and the aasurse:! aberr-ariona, cone aiae 

'JSU5 still 11, *' ^la^ acuity. 



TAiiLF. I. Threshold fiagla of resolution f«r • grttiag la second* of are 
for photometrically equated Vest fielde as a function of pspil disaster 
and at four orientations of the test object. The luminance of the test 
field wae previously adjusted to watch a rcfarance field of constant 
loxLnanoe viewed by the other eye thrsn ;h a 2-*sa pupil. 

Hsfor- 

Threshold angle • 
(eoeonde o£ 

f resolution 
aro) 

enee 
Luad- 

Sub»     nance 
ject      (nil) 

Orien- 
tation 1.0 M 

Pupil alameter 
(») 

1.6       2.0       2.77 3.86 W$ 
L         100 H 

7 
it 
L 

65.6 
61.6 
61*.l 
65.6 

hi.h 
li5.1 
1*7.0 
1*5.5 

38.2 
39.0 
1*0.7 
1*0,9 

33.6 
33.1 
31*.5 
31*. 2 

29.8 
29.2 
32.1* 
31.9 

27,1 
29.0 
31.9 
33.1 

5:7.7 
29.6 
32.1* 
31.6 

10 :; 
v 
i 

66.5 
66.2 
67.5 
66.5 

U6.8 
51.5 
ba.5 
51.1 

1*1.14 
1*2.7 
li3.9 
1*3.6 

31*.6 
31*.7 
37.3 
37.1 

29.6 
30.9 
33.? 
33.1* 

29.2 
30.7 
A.5 
33.ii 

31.5 
31.7 
36.1 
3i*.9 

1.0 H 
7 
a 
L 

7L.2 
71.8 
77.6 
71.6 

51*. 7 
55.2 
58.1 
57.1 

l;c.l 
1*9.7 
50.3 
1*9.1* 

39.3 
1*1.2 
1*3.1* 
1*0.7 

36.0 
39.1 
«U.9 
1*0.9 

39.1 
39.1 
1*1.6 
1*0.7 

1*1.2 
1*3.8 
1*1*.6 

0.1 
f 
R 
L 

31.3 
79.8 
93.6 
79.6 

59.1 
il.a 
61.9 
65.8 

cl. A 

56.1 
65.7 
57.8 

1*9.7 
1*9*2 
57.9 
52.2 

5i.o 
50.9 
52.8 

5l.o 
53.9 
57.8 
53.9 

55.7 
57.1* 
59.2 
5M 

0.01 

a 
L 

113.6 
106.2 
119.7 
111.2 

99.6 
98.0 

108.7 
101.0 

91.0 
83.8 
91*. 7 
85.9 

92.1 
32.1* 
99.8 
95.3 

83.6 
97.1 
92.3 
85.9 

88.7 
92.3 

10l*.0 
92.1 

101.1* 
96.0 

109.1* 
97.3 

H 

I 

65.6 
u3»G 
65.0 
£.t   n 
v».7 

l*5.o 39.0 
1*0.2 
1*2.1 
1*1.0 

35.5 
3i;.0 
37 Jb 
36.8 

30.7 
29.7 
3ii.5 
33.6 

CO, t 

27.7 
30.5 
33.3 «»•* 

10 1 
7 
i 
L 

66.2 
63.2 
63.8 
66.2 

u5.6 
1*6.1* 
1*8.6 
1*7.5 

1*0.5 
jUU? 
U2.6 
1*3.7 

33.9 
3i*.i 
37.6 
36.1* 

29.9 
30.6 
35.3 
33.7 

29.0 
29*1* 
3U7 
13.1 

29.8 
31.lt 
36.5 

o.i a 
7 
a 
L 

83.ii 
78.1 
84.8 
83.1 

60.5 
63.7 
66.3 
6i*.6 

55.6 
57.9 
62.5 
62.2 

1*9.2 
53.3 

57.3 

1*9.0 
1*8.9 
56.1 
55.1 

51.3 
53.5 
6l.i* 
58.0 

52.6 
•9.0 
62.8 
60.6 



LJ.'L    II.    r.'ir«B-iOl.i asv-Jle of resolution in aeccrxip of *rn a* a function 
OT pupil ujjfm'jyi- for .ii'&Sdii..;* in which w» widtih of  the opaque bar« i» 
or* half, one itourth, and onra etfjhth the distance- baHWMM the center* of 
adjacent opaque Ure.   Tt» tieet field lve»inane« had ;>re*iov*ly been 
matched to equal A reference lurdnanoe of 100 nillilasbrtrts rtewad by 
t-ie ni.cr cjts t-iPO'.i^h a 2— i« Tu-idJU    f-iach velue le   .';c a-weras* r.f fci« 
acuity ciafcerndnatien* in ««ch' ox lorn* sjeridlaaa for avtject L, a:ui of 
foiar datersrijiationB for -• ••.'.b.inct *••• 

11 "• .ii-'fi ' ii'im i.   , »~». IHH...HJI —J—aagggga 

'fhj«ehold airjle of resolution 
(•eeosdi of arc) 

^jpil dioaeter 
(an) 

yi      19C      2.0 2.77 3.06 U.75 

2/2               6g»2     *7»6     O.L-     Jlu3 33L.5 3<U >W 

IA               67,1     U?.3     Ut.5     3^.? 32.1 ¥V> 3r>.3 

1/B               6»*3     a.5     'iilft     3?.? 33.1 32.1 33.1 

1/2                         kS,?      3M      33.2 2?.? 29.0   

lA                          U£.e      k/Umi      33.7 30.1 29,r — 

1/5                _       J».0     U2.7     35.7 32.P 32.0 — 



TA3LS III*    Thres^sld aagi* oi  resolution lor a ,rr*Via;  test object 
li. s^c^ude of arc for various oeridlane at a teet field luminance of 
100 aaimaaBbaeiM and with a U«7$ «•* dlaaeter pupil*   ^U data arc 
for subject L aac each represents the means of 11 thraehold determinations. 

" risntatloo of ...rating Threshold angle of resolution 
teat object  (saaoads of are) 

IfgraM frost vertical 

Count«reloc:<wiee 

i 
t 
i 

vo (I) S 30.1 

67,5 : SU8 

16 (l) 
i 

35.1 

22.5 

Vertical   • 0 (7) • 32.li 

daakHlM 
: 
: 

22.5 
( 
1 33.3 

1*5.0 (a) i 31.2 

67.5 
• 
• 32.P 

90 (H) 
• 1 

.* 
1 
- 

30.1 
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Fig. 1   Lag visual scully as & function of leg pepil diaseter Tor a 

grating teat c bject oriented hortaontally aixS vsrtically (-H and 

oriented ij5° to the right and left of vertical (x).    The ljsdnance 

of «he acuity teat field vaa previously adjusted to natch a reference 

field of constant iuainance viewed by the other eye through a 2-m 

pupil.    The ltnainance walues of the reference field, in sdiliisw&arts, 

are indicated at the right of the curves.    Clrelej/ points represent 

averaged data for both subjects) uneirclad polite are for subject L» 

The curves for the highest luminance level have heec shifted upwards 

0.6 ios unite en the ordinat<-3 axle. 

Fig. 2.    Log visual acuity as a function of les pupil disaster for 

grating teat, objects with opaque bars 1/2, l/h, and 1/8 the distance 

between the centers of adjacent bars.    The lumivmnce of the acuity 

test field was previously matched with a 100 rsiUilarabert reference 

field viewed by the other eye through a 2-SSB pupil* 

Fig. 3»    Los visual acuity as a function of the orientation of the 

:jratinc teat object.    The test field luminance was 100 aillilsriberts 

and was viewed bhrou;h a lu7f> wn artificial pupil. 
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